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In an attempt t o  schieve improved hydroclynamic qual i t ies  fo r  
f ly ing  boats, an investigation was made t o  determine the combined 
effect  of a warped foreb3dy and extended afterbody on the hydrodynamic 
characterist ics of a h u l l  having a basic length-bem r a t i o  of 15. Each 
of these mdif ica t ions  has been found t o  r e su l t  i n  improvements i n  
hydrodynamic qual i t ies  and t h e i r  combined effect  is therefore of 
in te res t  

The s table  range of trims available f o r  take-off was increased by 
warping the forebody and extending the afterb3dy. 
constant elevator deflection, the range of center-of-gravity positions 
f o r  sat isfactory take-off s t a b i l i t y  was increased. The smooth-water 
landing s t a b i l i t y  remained satisfactory.  Spray characterist ics were 
improved, no spray entering the propellers o r  s t r ik ing  the f laps  a t  the 
design gross load. Definite improvements i n  rough-water landing 
behavior were obtained with the  combination of warped forebody and 
extended afterbody. For landings i n  waves 4 f e e t  high, the impact 
accelerations were reduced more than 50 percent The maximum am3litudes 
of osci l la t ion in trim and r i s e  occ-ming during the landing run-out 
were also substantially decreased. I n  general, the changes in  hydro- 
dynamic chasacterist ics effected by combining these mcdifications were 
i n  the  direction tha t  would be predicted on the basis of r e su l t s  
obtained f o r  the individual modifications. Although the e f fec ts  were 
not direct ly  additive, they were cumulative and changes i n  opposite 
directions were compensating. 

For take-off a t  

INTRODUCTION 

Recent towing-tank investigations of flying-boat hu l l s  having high 
length-beam ra t io s  included the effect  of forebody wasp and the effect  
of afterbody length on hydrodynamic characterist ics.  These 
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modifications produced s in the over-all. hydr 
t e r i s t i c s  of a hu l l  hav 

ced the ve r t i ca l  accelera- 

reduced the spray at  the horizontal t a i l  and reduced the ve r t i ca l  and 
angular accelerations during landings i n  waves+ 
These r e su l t s  indicated tha t  fur ther  improvement might be achieved in  a 
single configuration incorporathg both the warped forebody and the 
extended afterbody. The hydrodynZ;mic chwacter i s t ics  of such a hull- 
configuTation were accordingly investigated t o  determine the extent of 
the improvement t o  be expected as a r e su l t  of the cmbination. 
characterist ics were determined by the same procedures used in the 
investigations described in  references 1 and 2 and are  compared 
with those of the basic hu l l  (references 3 and 4). 

See reference 2. 

These 

1 The model was assumed t o  be a 5 - s i z e  po-mred dynamic model of a 
twin-engine propeller-driven f lying boat having a design gross might  
of 75,003 pounds, a gross load coefficient of 5.88, a Wing loading 
of 4 1  pounds per square foot, and a power loading f o r  take-off 
of 11.5 pounds per brake horsepower. 
length-beam-ratio ser ies  under investigation a t  Langley tank no. 1, 
had a basic r a t i o  of 17. 
h u l l  are described in  references 3 and 4, and its aerodynamic character- 
i s t i c s  are described in  reference 5 .  

The hull ,  which was one of the 

The hydrodynamic characterist ics of the basic 

TL 

acceleration due t o  gravity (32.2) f e e t  per second per second 

ve r t i ca l  acceleration, g units  

angular acceleration, rad i  

carriage speed (approx. 95 percent of airspeed), f e e t  per second 

sinking speed, f e e t  per secund 

f light-path angle, degrees 

elevator deflection, degrees 

trim (angle between forebody keel at s tep and horizontal), 

s per second per second 

degrees 

landing trim, degreeg 
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DESCRlpTIOly OF MOmL 

3 

The model with the basic length-beam r a t i o  of 15 was described in  
references 3 and 5 .  The general arrangement of the f ly ing  boat with 
the warped forebody and extended afterbody (Langley tank model 2 2 0 )  
i s  shown in figure 1. 
figure 2.  
increasing the dead r i s e  f romthe  s tep forward i n  the manner described 
i n  reference 1, thereby eliminating the customary s t ra ight  buttocks on 
the forebody planing bottom jus t  forward of the step. 
length was increased f r o m  6.37 t o  9.24 be- as  described in refer-  
ence 2, the angle of afterbody keel remaining the same. The depth of 
step of 24 percent of the beam was the same as tha t  used f o r  t e s t s  of 
the basic model with the extended afterbody. 
the same as those used i n  the t e s t s  of the h u l l  having a basic length- 
beaa r a t i o  of 17. 

Hull lines of the model axe presented in 
The forebody of t h i s  model was modified by progressively 

The afterbody 

The wing and t a i l  were 

APPARATUS AND PROCEDURES 

The description of Langley tank no. l i s  presented in reference 6 .  
The setup of the model and towing gear is  shown i n  figure 3 .  The 
apparatus and procedures were identical  t o  those described in refer-  
ence 2. Ln a l l  t e s t s  the model was f r ee  i n  t r im and r i s e  but restrained 
in  roll and yaw. 

The hydrodynamic qual i t ies  determined were the trim limits of 
s tab i l i ty ,  the range of center-of-gravity positions for satisfactory 
take-off s tab i l i ty ,  smooth-water landing s tab i l i ty ,  bow-spray character- 
i s t i c s  during take-off, tai l-spray characterist ics during landbgs,  
propeller-spray characterist ics while taxying i n  waves, and tmpact 
accelerations and landing behavior in rough water. 

The hydrodynamic qual i t ies  were a l l  determined a t  a design gross 

The 
load corresponding t o  73,000 pounds except f o r  the spray investigation 
i n  which g o s s  loads f r o m  75,000 t o  95,000 pounds were included. 
f laps  were deflected 20' f o r  a l l  the hydrodynamic t e s t s .  
exception of the landing tes t s ,  the hydrodynamic qual i t ies  were deter- 
mined with f u l l  thrust .  
approximately half thrust .  
the model was self-propelled during most of the landing run-out. 
Landing and spray t e s t s  were made with the center of gravity a t  32 per- 
cent mean aerodynamic chord. The resu l t s  have been converted t o  full- 
s ize  units and all data with the exception of table I are presented as 
fu l l - s ize  values. 

With the 
. 

The landings i n  smooth water were made with 
I n  rough water the thrust  was s e t  so .tinat 
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RESUECS p;NI) DISCUSSION 

Longitudinal S tab i l i ty  

NACA TN 1980 

T r i m  limits of s tab i l i ty . -  The trim limits of s t a b i l i t y  f o r  the 
configuration with the warped forebody and extended afterbody are pre- 
sented i n  f igure 4, together with those f o r  the basic hul l .  
differences i n  the trim limits f o r  the modified and basic hul l s  are  
consistent with those expected on the basis of previous investigations 
of forebody and afterbody modifications a s  described i n  references 1 
and 2, respectively. 
was lower than t h a t  of the basic hul l .  
obtained f o r  the model with an extended afterbody and is  in  agreement 
with trends noted i n  investigations of other models (reference 7) 
Warping the forebody resulted in a s h i f t  of the en t i re  lower trim limit 
t o  lower s p e e u  so that, f o r  most speeds beyond the hump, the lower 
l i m i t  was about 2' below tha t  of the basic hul l .  Since lower-limit 
porpoising is principally a forebody phenomenon, extending the a f te r -  
body would not be expected t o  affect  t h i s  l i m i t  except near hump speeds. 
Both branches of the upper t r im limit were lowered approximately lo a t  
high speeds. 
by the afterbody, is not greatly influenced by the presence of the 
warped forebody and, consequently, the behavior of the model with the 
warped forebody and the extended afterbody was similar t o  t h a t  of the 
model with the extended afterbody alone. The available aerodynamic 
trimming m m n t  was not great enough t o  t r im the model t o  the upper 
l i m i t  a t  speeds below 64 miles perhour, principally because of the 
presence of the long afterbody. 
fore  substantially increased throughout the en t i re  speed range up t o  
take-off by combining the warped forebody with the extended afterbody. 

The 

The peak of the lower l i m i t  f o r  the modified h u l l  
This change is similar t o  tha t  

The upper-limit porpoising, being affected principally 

The s table  range of tr%ns was there- 

Center-of -gravity limits of s t a b i l i t y o  - Bepresentative tr im t r a c b  
f o r  take-off a t  several positions of the center of gravity and elevator 
deflections are  presented i n  figure 5 f o r  the modified and basic hulls.  
From such trim tracks, a plot  of maximwn amplitude of porpoising 
against center-of-gravity position was obtained. The ma.ximm amplitude 
of porpoising is defined as the difference between the maximum and 
minimum trm t h a t  occurred during the greatest t r im cycle. 
amplitudes of porpoising f o r  the modified h u l l  are plotted in figure 6 
and canpared in figure 7 with those f o r  the basic hul l .  
of the center of gravity a t  which lower-limit porpoising first appeared 
was shif ted slightly aft  f o r  the modified hul l .  (See f i g .  7(a).) Once 
lower-limit porpoising was encountered, the increase in amplitude with 
forward movement of the center of gravity was less f o r  the modlfied 
h u l l  than f o r  the basic hul l .  This behavior is swlar t o  tha t  noted 
fo r  the model with the extended afterbody, reference 2, and is  

The maximum 

The position 
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at t r ibuted t o  the increased damping of the osci'llations i n  trim with 
the  extended afterbody. A t  after positions of the center of gravity, 
the mximum amplitude of upper-limit porpoising f o r  the modified h u l l  
was less than 2O. 

at t r ibuted t o  the effectiveness of the extended afterbody in  damping 
the osci l la t ion i n  trim. 

This reduction i n  the maximum mplitude was also 

The pract ical  center-of-gravity l i m i t  f o r  a given elevator deflec- 

Such a plot  is presented 
t i on  is usually defined as tha t  position of the center of gravity at  
which the amplitude of porpoising becomes 2'. 
in  figure 8. 
modified h u l l  did not reach 2 O ,  there is  no after l i m i t  f o r  t h i s  hul l .  
Absence of the after l i m i t  is consistent w i t h  the r e su l t s  obtained with 
the extended afterbody (reference 2 ) .  This similar i ty  of r e su l t s  would 
be expected inasmuch as the afterbody has a major influence on upper- 
limit porpoising which occurs at  the after center-of-gravity limlt. 
The forward l i m i t  of the modified h u l l  was substantially the same as  
t h a t  of tha basic hull, since the s h i f t  of the lower trim limit of 
s t a b i l i t y  t o  lower trm was accompanied by a compensating s h i f t  of the 
free-to-trim tracks t o  lower trims. Because of the elimination of the 
after limit, the take-off s t a b i l i t y  characterist ics were improved by 
warping the forebody and extending the afterbody. 

Since the amplitude of upper-limit porpoising of the 

Landing Stab i l i ty  

Typical time h is tor ies  of smooth-water landlngs made with the 
modified and' basic hul l s  are presented in figure 9. 
time h is tor ies  were used t o  determine the maximum amplitudes of 
oscillabion i n  t r F m  and rise of the center of gravity, which are plotted 
i n  figure 10. 

These and similar 

The s tep was suff ic ient ly  deep t o  prevent skipping of both mdela  
at  a l l  the contact trims investigated, skipping being defined as the 
complete emergence of the h u l l  from the water. 
amplitudes were comparable up t o  landing trims of loo, except tha t  the 
cycles of osci l la t ion of the modified h u l l  o c c k e d  at lower trims. 
Above loo, the basic h u l l  encountered greater oscil lations.  During 
some landings the modified h u l l  encountered lower-limit porpoising 
during the run-out after being i n i t i a l l y  stable, see figure 9(c) This 
porpoising, which is similar t o  tha t  noted in reference 2 f o r  the model 
w i t h  the extended afterbody, did not start u n t i l  the speed decreased t o  
approximately 75 percent of landing speed and would be avoidable 
through proper control of the elevators. 
were comparable t o  those of the basic model. The increased amplitudes 
of trim and r i s e  and the lower-limit porpoising f o r  the model with the 
extended afterbody (reference 2)  apparently were partly compensated by 
the beneficial  effect  of warped forebody (reference 1). 

The maximum trim 

The maximum rise amplitudes 

I n  general, 
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the smooth-water landing cha..racteristics/of the modified h u l l  were 
considered satisfactory . 

Spray Characteristics 

A plot  of gross load against the speed range over which spray 
entered the propellers and struck the f laps  is presented in figure ll. 
The modified hu l l  encountered no propeller spray at the design gross 
load of 75,000 pounds. (See f i g .  12.) Observations indicate tha t  
propeller spray comparable t o  tha t  of the basic h u l l  at design gross 
load was approximated at a gross load of 85,000 pounds ( f ig .  13) which 
represents an overload of approximately 11 percent. N o  f l a p  spray was 
encountered a t  design gross load and no heavy f l a p  spray was encountered 
by the modified h u l l  at any load investigated. 
spray characterist ics was at t r ibuted t o  the effectiveness of the warped 
forebody i n  reducing the height of the bow b l i s t e r  even though the trbs 
were lower. Photographs showing the maximum f l a p  spray at  design gross 
load f o r  both models are presented in figure 14. 

T h i s  bprwement i n  

.\ 

Photographs of heaviest spray s t r ik ing  the horizontal mi l  surfaces 
during landings are shown i n  figure 15. 
was considerably lessened with the extended afterbody. 

Spray on the horizontal t a i l  

The spray diagram obtained during taxying t e s t s  i n  waves 2 f e e t  
high and 110 feet long is  presented i n  figure 16. 
heavy but occurred over a smaller range of speed and load than f o r  the 
basic hul l .  "he net  effect  of comblning the warped forebody with the 
extended afterbody was a definite improvement i n  all spray character- 
i s t i c s .  

This spray was f a i r l y  

Landings in Waves 

The rough-water landings were made i n  oncoming waves 4 f e e t  high 
Pertinent data obtained from varying i n  length from 130 t o  360 f ee t .  

records of these landings are  presented i n  tab le  I. 

The maximum ve r t i ca l  and angular accelerations are plotted against 
wave length i n  figure 17. 
encountered by the modified h u l l  was approximately 55 percent lower 
than the m a a m  * um encountered by the basic h u l l  and approximately 30 per- 
cent lower than the IO~XUIL * um obtained during tests of configurations 
incorporating ei ther  the warped forebody or extended afterbody modifica- 
t ions  alone (references 1 and 2 ) .  
accelerations f o r  the modified h u l l  were 39 percent less  than those of 
the basic hull ,  19 percent l e s s  than those of the warped forebody alone, 

The m&xlmwn ver t ica l  acceleration of 4g 

The maximum positive angular 
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and 39 percent l e s s  than those of the  extended afterbody alone. 
maximum negative angular accelerations remined relat ively un 

The 

The maximum and minimwn values of trFm and r i s e  a t  the greatest 
cycle of osci l la t ion during each landing are plotted against wave length 
i n  figure 18. The maxbn.nn mpli tudes of osci l la t ion in trim of the 
modified h u l l  were approximately 25 percent lower than those of %he 
basic h u l l  and of the warped-forebody configuration, and were substan- 
t i a l l y  the same as those of the extended-afterbody c@iguration. The 
modified h u l l  reduced the maximwn amplitudes of osci l la t ion in  r i s e  of 
the basic h u l l  and of the warped-forebody configuration by approxi- 
mately 20 percent, and increasedthose of the extended-afterbody con- 
figuration by approximately the same percentage. 

Summaxy Chart 

' The hydrodynamic qual i t ies  i n  smooth water of the f lying boat with 
a high-length-beam-ratio h u l l  having a warped forebody and an extended 
afterbody are summarized in figure 19. 
picture of the hydrodynamic characterist ics i n  terms of ful l -scale  
operational parameters. 
similar data regarding other seaplanes f o r  which operating experience 
is available. 

This chart gives an over-all 

It is therefore useful f o r  comparisons with 

CONC LUSIONS 

The effects  of combining a warped forebody and an extended a f t e r -  
body on a h u l l  having a high length-beam r a t i o  are as follows: 

1. The stable range of trims available f o r  take-off was substan- 
t i a l l y  increased throughout the ent i re  speed range t o  take-off. 

2. The center-of-gravity l imits  of s t a b i l i t y  were improved, chiefly 
by the elimination of a pract ical  a f t e r  l imit .  

3. The smooth-water landing s t a b i l i t y  characterist ics were approxi- 
mately the same as those f o r  the basic hul l .  

4. Spray characterist ics were considerably improved; there was no 
propeller o r  f l ap  spray a t  design gross load. 
during landings was considerably reduced. 

T a i l  spray encountered 



8 NACA TN 1980 

5 .  Rough-water landing behavior was Improved; reductions in  the 
maximum impact acceleration of greater than 50 percent and in the 
maximum angula;t. acceleration of approximately 60 percent were obtained 
as compared with those for  the basic model. 

6. During landings in  waves the maximum amplitudes of osci l la t ion 
i n  trim and r i se 'a t ta ined  during the high-speed portion of the run-out 
were  reduced 

7 .  In  general, the  effect of the combination of the  h u l l  modifica- 
t i ons  (warped forebody and extended afterbody) on hydrodynamic charac- 
t e r i s t i c s  was i n  the direction expected on the basis of the cumulative 
e f fec t  of the separate modifications. 

Langley Aeronautical Laboratory 
National Advisory Committee f o r  Aeronautics 

Langley A i r  Force Base, Va. ,  March 9, 1949 
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Warped forebody and extended afterbody - 
Basic forebody and basic af terbody - - - - - 

32 percent MAC. 

Figure I. - General arrangement. 
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(a) Setup of model on toving apparatus. 

E-59842 
( b )  Details of' f o r e - m d d t  gear. 

Figure 3.- Model and towing apparatus. 
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ed forebody and extended aft 
Basic forebody and basic afterbody - - - - - 

60 70 80 
Speed, mph 

Figure k- Trim limits of stability. 
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Elevator deflection, Se, de6 
0- 

-10 ---- 
-a -- 

12 
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0 

12 
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0 20 40 60 
Qpd, mph 

percent M. A.C. 

0 20 

Speed, mph Speed, rnph 
e.g., 5 percent M.A.C. 

w 60 0 20 40 60 EO 
Speed, mph Speed, mph 

c.g., 5 percent M.A.C. 

(a) Warped forebody and 
extended afterbody. 

(b) Basic forebody and 
basic afterbody. 

Figure 5.- Variation of t r i m  with speed during take-off. 
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12 

(a) Lower-limit porpoising. 

Center of gravity, percent M.A.C. 

(b) Upper-limit porpoising. 

Figure 6.- Maxiirrum amplitude of porpoising 
at different positions of center of gravity. 
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Warped forebody and extended afterbody 
Basic forebody and basic afterbody - --- - 

(a) Lower-limit porpoising. 
d 1 

Center of gravity, percent M.A.C. 

(b) Upper-limit porpoising, 
Figure 7.- Comparison of maximum amplitude 

=x@Eiy7 

of porpoising between basic and modified 
hulls. 
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NACA TN 1980 

0 Step in 
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A Sternpost in 
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Speed -~ 
Rise ----- 
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Time, sec 

(a) Warped forebody and 
extended a f terbw.  

(b) Basic forebody and 
basic afterbody. 

Figure 9.- Variation of trim, rise, and speed with time during landings 
in  m o t h  water. 
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4 6 8 10 12 14 
Trim at  contact, deg 

Warped forebody and ex%ended afterbody 
Basic forebody and basic afterbody - - - -- 

Trim at contact, deg 

Figure 10. - Variation i n  maximum and m i n i m  trim 
and r ise  with trim at contact, f o r  landings i n  . 
snooth water. 



NACA TN 1980 23 





NACA TN 1980 25 

z = 3.1' v =  

z = 3.2' V = 28.0 mph 1; = 6.0' 

z = 3.2O V = 30.2 mph z = 6.4O 

Z = 3.3O V = 32.3 mph 1; = 6.7' 
L-59838 

(a )  Warped forebody and ( b )  Basic forebody and 
extended afterbody. bas ic  afterbody. 

Figure 12.- Spray i n  p rope l l e r s  during take-off  at &design gross load. 
6, = -100. 
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7; = 3.20 V = 28 mph 

0 
'I: = 3.2 V = 30.2 mph 

?; = 3.4' V = 32.3 mph 

L- 59839 't = 3.6' - V = 34.5 mph 

Figure 13.- Spray in propellers during take-off at grass l o a d  
of 85,000 pounds (modified hull). 6, = -loo. 
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V = 28.0 mph; T = 3.2’ 

V = 38.8 mph; T = 8.7O 

V = 63.1 mph; CF = 9.9’ 

V = 36.6 mph; 7 = boo0 V = 45.3 mph; .L = l0.p L-59840 
(a) Warped forebody a d  (b) Basic forebody and 

extended afterbody. basic asterbody. 

Figure 14.- S p w  on f laps during take-off at design gross load. 
6, = -100. 
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7 = 7.8' V = 47.4 mph 2 = 1 2 . 9  

Z = 5.P V =  

Z = 5.0' v =  

(a) Warped f orebody and 
extended afterbody. 

(b)  Basic forebody and 
basic af'terbody. 

Figure 15.- Spray on t a i l  surfaces dlaing landing a t  design gross load, 
6, = -loo. 
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Warped forebody and extended afterbody 
Basic forebody and basic afterbody ---- - - 

~ Spray in propellers 

10 

1' 
/ 

I 
I 
/ 

r 

Clear 

Figure 16.- Variation of range of 
' speed with gross load for spray 

in propellers during taxying i n  
waves 
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Warped forebody and extended afterbody 
Basic forebody and basic afterbody - - - - - - - 

Nave length, f t  

Figure 17 .- Variation of maxirmfm posit ive and negative angular and maximum 
vert ica l  accelerations with wave length, for  landings i n  waves 4 fee t  
high= 
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Wvped foreoody and extended afterbody 
Basic forebody arid basic afterbody- - - - - - 

Wave lenghh, f t  

Figure 18.- Variation of maximum and minimum t r i m  and r i s e  wi th  wave length, 
f o r  landings i n  waves 4 f e e t  high. 
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